Introduction {#s0001}
============

Anemia is a global public health problem affecting people of all ages in both developing and developed countries. Anemia is a condition in which the number and size of red blood cells, or the hemoglobin (Hb) concentration, falls below an established cut-off value, consequently reducing the ability of the blood to transport oxygen around the body.[@cit0001] According to the World Health Organization (WHO), anemia in pregnancy is defined as a Hb concentration of less than 11 grams per deciliter (g/dl).[@cit0002] Anemia during pregnancy is a major cause of morbidity and mortality of pregnant women in developing countries, and has both maternal and fetal consequences.[@cit0003]

Anemia has a number of causes, with the most significant contributor being iron deficiency. Reports state that approximately 50% of anemia cases are considered to be due to iron deficiency, but this varies by population group and region.[@cit0004] Anemia in pregnant women has severe consequences on health, social, and economic development, resulting in increased risk of low physical activity, maternal morbidity, and mortality, especially in those with severe anemia.[@cit0005]

Anemia is preventable, controllable, and treatable, with effective management including treatment of the underlying causes, supplements to return the hemoglobin concentration to consistent levels, and preventing and treating any complications.[@cit0005]

The WHO estimates 40% of pregnant women worldwide are anemic, with iron deficiency anemia being the most common form.[@cit0006] Annually, nearly 510,000 maternal deaths occur worldwide, associated with childbirth or early postpartum complications. Approximately 20% of maternal death is caused by anemia; the majority of this taking place in developing countries.[@cit0007] Gestational anemia has a significant global burden, affecting 32.4 million (38.2%) of pregnant women. It is a severe public health problem in South East Asia (48.7%) and Africa (46.3%).[@cit0004] Global data show that 56% of pregnant women in low- and middle-income countries (LMIC) have anemia.[@cit0008] The Ethiopian demographic health survey (EDHS, 2016) revealed that the incidence of anemia among pregnant women represented 29% of those with the condition at a national level, and that specifically, the prevalence was 60% in pregnant women of the Somali region, East Ethiopia.[@cit0009] Further, studies conducted in Ethiopia have shown that the type of residence, gravidity, interval between pregnancies, and malaria infection during pregnancy have been associate with gestational anemia.[@cit0010]

Severe anemia (\<7 g/L) during pregnancy has been associated with major maternal and fetal complications. It increases the risk of preterm delivery, low birth weight, intrauterine fetal death, neonatal death, maternal mortality, and consequently infant mortality.[@cit0011]

Anemia has multifactorial etiology and risk factors; particularly in developing countries, with substantial differences in known risk factors within and between the regions of the same country. Research findings have revealed that determinants of anemia vary from place to place. This highlights the importance of determining the problem-based factors associated with anemia using a strong study design in order to obtain local data in at-risk regions, specifically in the developing world. Therefore, this study was carried out with the objective of determining the risk factors associated with anemia among pregnant women attending antenatal care services in selected Jigjiga public health facilities in the Somali region of East Ethiopia in 2019.

Materials and Methods {#s0002}
=====================

Study Design and Setting {#s0002-s2001}
------------------------

A facility-based unmatched case-control study design was used. The study was conducted in Sheik Hassan Yabare Referral Hospital and Ayardaga Health Center, Jigjiga, East Ethiopia. Jigjiga is a city situated 626 km east from Addis Ababa, the capital city of Ethiopia. As of the 2015 Ethiopian fiscal year, Jigjiga had a total population of 426,122, of which 85,650 are considered to be in the reproductive age group (15--49 years). The city is divided into 30 sub-districts (the smallest administration units), of which 20 are urban and 10 are rural. The vast majority of the population are ethnic Somalis (97%), and Muslim (98%).[@cit0012] This study was conducted between March 1 and April 30, 2019.

Sample Size Determination and Sampling Technique {#s0002-s2002}
------------------------------------------------

The sample size was calculated using Epi Info version 7.2 assuming a 95% confidence interval (CI) and power of 80, with a case to control ratio of 1:1. The effect size used was an odds ratio for factors associated with anemia of 2.34 from a recent study conducted in Durame, Ethiopia.[@cit0013] The resulting maximum sample size was 114 cases and 114 controls with a total of 228 study participants. Jigjiga has four public health facilities that provide antenatal care services to pregnant mothers. Of these, two facilities were selected by simple random sampling. The number of study subjects was allocated to each selected facility proportionally to their average patient attendance per-month by reviewing registration books from each antenatal care unit. The average number of pregnant women who attended antenatal care per month was multiplied by the total sample size (n =228) divided by the total number of pregnant women attending across all antenatal care facilities per month (460). Systematic random sampling was used to select study participants on this basis, such that 114 anemia cases and 114 controls were identified.

Ethical Approval {#s0002-s2003}
----------------

Ethical approval was obtained from the Institutional Review Board (IRB) of Jigjiga University, College of Medicine and Health Science in accordance with the Declaration of Helsinki. Written permission was obtained from Jigjiga administrative health department, and from each selected facility. Participants were informed that participation was on a voluntary basis. Informed, written consent was obtained from each study participant. In participants aged under 18 years, written assent was obtained from someone with parental responsibility. All study data were anonymized at source. Anemic cases were provided with free iron-folic acid supplements and counseled to prepare and increase their dietary iron intake.

Inclusion and Exclusion Criteria {#s0002-s2004}
--------------------------------

Pregnant women who attended antenatal care for their first visit, and were measured to have a hemoglobin level less than 11 g/dl were recruited into the anemia group. Pregnant women who attend antenatal care for their first visit and presented with hemoglobin levels greater than 11 g/dl were recruited into the control group. Any attendee who was ill with confirmed acute and/or chronic disease-causing anemia, and/or who was undergoing invasive or non-invasive anemia treatment (regardless of their hemoglobin level) was excluded from the study.

Data Collection Techniques and Tools {#s0002-s2005}
------------------------------------

A validated questionnaire was designed to obtain participant information on socio-demographic factors, obstetrics characteristics, nutrition-related characteristics, and parasitic infection-related characteristics. The Dietary Diversity Questionnaire (DDQ) was used to assess the typical dietary intake of pregnant women over the past six months. This comprised a detailed review of their typical intake of various food groups, and the quantity per day, week, or month. The questionnaire was initially developed in English and translated to the local language (Somali) before being translated back to English. Data were collected by interview by four midwives, and specimen collection and processing were carried out by two trained laboratory technologists. Specimen collection, processing, and analysis were supervised by skilled and trained laboratory technicians and trained health professionals with research experience. All data collectors and supervisors were trained for two days on the data collection process and questionnaire.

Blood Sample Collection and Examination {#s0002-s2006}
---------------------------------------

Hemoglobin levels were measured using a portable heme Analyzer (HemoCue 301 Hb; HemoCue, Ängelholm, Sweden). The middle finger of the non-dominant hand was pricked at the side of the fingertip. A drop of blood was drawn, and placed onto a micro-cuvette, which was then inserted into the heme Analyzer. After calibration of the machine, hemoglobin levels were read and recorded to one decimal place. The packed cell volume was estimated by tripling the hemoglobin values (in g/dl) and dropping the units. Anthropometric measurements (MUAC; mid-upper arm circumference) were measured using a tape measure. A MUAC of less than 23 cm was considered to signify malnutrition.[@cit0014]

Data Quality Control {#s0002-s2007}
--------------------

To ensure data quality, an appropriate data collection instrument was developed. Data collectors were regularly supervised for proper data collection; all the questionnaires were checked for completeness and consistency on a daily basis. A pretest pilot study was conducted on 5% of the sample size in a single nearby public hospital (Karamara hospital; not one of the recruitment sites for the main study), following which the questionnaire was revised and edited, and any questions found to be unclear or ambiguous were removed or corrected accordingly.

Data Processing and Analysis {#s0002-s2008}
----------------------------

Data were entered into Epidata version 3.1 and analyzed using Statistical Package for Social Sciences (SPSS) version 20.0. Descriptive statistics were used to inspect frequencies and percentages. Bivariate and multivariate logistic regression analyses were used to test for the association between dependent and independent variables. Variables that showed an association in the bivariate analysis with p\<0.25 were entered into a multivariate logistic regression model. Finally, the multivariate logistic regression model was used after controlling for confounding factors using regression.[@cit0015],[@cit0016] Hosmer and Lemeshow's goodness of fit test was used to assess whether the necessary assumptions for the application of multivariate logistic regression had been fulfilled. Multi-collinearity was assessed by using standard error, and the variables were entered into the multivariate model without multi-collinearity. Adjusted odds ratios (AOR) were calculated with 95% CIs. Statistical significance was reported at a threshold of p\<0.05.

Results {#s0003}
=======

Socioeconomic Characteristics {#s0003-s2001}
-----------------------------

All 228 participants (114 with anemia and 114 controls) completed all components of the study. The majority (97.4%) of the anemia group and 100% of the control group were from urban areas, while only 2.7% of the anemia group were from rural areas. The mean (± standard deviation) age of participants was 24.96 ± 5. Twenty-two years, and the range from 16 to 38 years. Ninety-seven participants in the anemia group (85.1%) and 78 (68.4%) controls had some kind of informal education. The occupational status of the majority of participants was home-maker (anemia group 103; 90.4% and control group 109; 95%). All study participants in both groups were married. Thirty-five (30.7%) of the anemia group and 29 (25.4%) controls reported a family size greater than 5. The majority of study participants in both groups were Muslim, while only 2 (1.8%) of the anemia group were Orthodox Christians. One hundred and four (91.2%) participants in the anemia group and 75 (68.5%) controls had a monthly income of between 500--5000 Birr (approximately \$14 -- 140 USD; [Table 1](#t0001){ref-type="table"}).Table 1Socio-Demographic Characteristics of Pregnant Mothers Attending ANC in Selected Jigjiga Public Health Facilities, 2019S/NVariablesCategoryCase (n=114) Frequency (%)Control (n=114) Frequency (%)1**Residence**Rural3 (2.6)0 (0)Urban111 (97.4)114 (100)2**Age**14--2452 (45.6)53 (46.5)25--3456 (49.1)56 (49.1)35--496 (5.3)5 (4.4)3**Educational status**Informal education97 (85.1)71 (62.3)Formal education17 (15.0)43 (37.7)4**Occupation status**Employed7 (6.1)8 (7.0)Housewife107 (93.9)106 (93.0)6**Monthly income (in Birr)** (ETB/USD =0.029)500--5000104 (91.2)75 (65.8)500--100010 (8.8)39 (34.2)7**Family size**\<579 (69.3)85 (74.6)\>535 (30.7)29 (25.4)8**Religious belief**Muslim112 (98.2)114 (100)

Food Intake {#s0003-s2002}
-----------

In the analysis of the food and nutrition intake of study participants, 8 (7.0%) members of the anemic group and 29 (25.4%) controls consumed red meat every day. Eighty-three (72.8%) anemic participants and 61 (53.5%) controls never ate fish, and 113 (98.2%) of anemic group and 98 (86%) the controls did not consume white meat at all. Sixteen (14.0%) of those with anemia and 47 (41.2%) controls consumed green vegetables every day. One hundred and five (92.1%) members of the anemic group and 97 (85.1%) controls never consumed nuts, while 112 (98.2%) of the anemic group and 113 (99.1%) controls consumed grains daily. Forty-two (36.8%) of the case group and 37 (32.5%) controls never consumed pulses (lentils and beans).

Regarding tea and coffee consumption, 96 (84.2%) of the anemic group and 77 (67.5%) of the controls used everyday tea while 99 (86.8%) of the cases and 103 (90.4%) of the controls never drink coffee ([Table 2](#t0002){ref-type="table"}).Table 2Animal and Plant Source Food Frequency Questionnaire of Pregnancy Mother Attending ANC in Selected Jigjiga Public Health Facilities, 2019S/NVariablesCategoricalCase (n=114) Frequency (%)Control (n=114) Frequency (%)1**Red meat**Everyday8 (7.0)29 (25.4)3--5 times a week11 (9.6)32 (28.1)1--2 times a week25 (21.9)35 (30.7)1--2 times month37 (32.5)14 (12.3)Do not take33 (28.9)4 (3.5)2**Fish (fresh fish, packed fish)**Everyday1 (0.9)1 (0.9)3--5 times a week4 (3.5)3 (2.6)1--2 times a week2 (1.8)21 (18.4)1--2 times a month24 (21.1)28 (24.6)Do not take83 (72.8)61 (53.5)3**White meat (chicken and turkey)**1--2 times a week0 (0)2 (1.8)1--2 times a month0 (0)8 (7)Do not take113 (98.2)98 (86)4**Green vegetables**Everyday16 (14.0)47 (41.2)3--5 times a week15 (13.2)36 (31.6)1--2 times a week22 (19.3)14 (12.3)1--2 times a month39 (34.2)10 (8.8)Do not take22 (19.3)7 (6.1)5**Nut**3--5 times a week4 (3.5)5 (4.4)1--2 times a week3 (2.6)7 (6.1)1--2 times a month2 (1.8)5 (4.4)Do not take105 (92.1)97 (85.1)6**Pulses (lentils and beans)**Everyday2 (1.8)5 (4.4)3--5 times a week4 (3.5)6 (5.3)1--2 times a week7 (6.1)16 (14)1--2 times a month59 (51.8)50 (43.9)Do not take42 (36.8)37 (32.5)7**Grains**Everyday112 (98.2)113 (99.1)3--5 times a week2 (1.8)1 (0.9)8**Dried fruits**Everyday0 (0)5 (4.4)3--5 times a week10 (8.8)22 (19.3)1--2 times a week14 (12.3)35 (30.7)1--2 times a month54 (47.4)39 (34.2)Do not take36 (31.6)13 (11.4)9**Tea**Everyday96 (84.2)77 (67.5)3--5 times a week6 (5.3)16 (14.0)1--2 times a week2 (1.8)12 (10.5)1--2 times a month5 (4.4)2 (1.8)Do not take5 (4.4)7 (6.1)10**Coffee**Everyday4 (3.5)1 (0.9)3--5 times a week3 (2.6)4 (3.5)1--2 times a week2 (1.8)4 (3.5)1--2 times a month6 (5.3)2 (2.6)

Obstetric and Disease Factors {#s0003-s2003}
-----------------------------

The majority of participants in both groups (anemic: 86; 75.4%; controls: 85; 74.6%) were multigravida women, i.e. those for whom this was not their first pregnancy. Those who attended further follow-up antenatal care during the same pregnancy were 87 (76.3%) of the anemic women and 103 (90.4%) of the controls. Fifty-four (47.4%) of both groups of women were in their second trimester of pregnancy. Three (2.6%) and 12 (10.5%) of the anemic group had experienced diarrhea and fever, respectively, in the previous two weeks, compared to the control group where 2 (1.8%) and 2 (1.8%) had suffered fever in the past two weeks ([Table 3](#t0003){ref-type="table"}).Table 3Health Conditions During the Current Pregnancy Mother Attending ANC in Selected Jigjiga Public Health Facilities, 2019N/SVariablesCategoricalCase (n=114) Frequency (%)Control (n=114) Frequency (%)1**Gravidity**Primigravidae28 (24.6)29 (25.4)Multigravida86 (75.4)85 (74.6)2**ANC follow current pregnancy**Yes87 (76.3)103 (90.4)No27 (23.7)11 (9.6)3**Gestational age**1st trimester23 (20.1)28 (24.6)2nd trimester54 (47.4)54 (47.4)3rd trimester37 (32.5)32 (28.0)4**Suffered any illness pregnant in the last 3 months**Yes2 (1.8)2 (1.8)No112 (98.2)112 (98.2)5**Diarrhea illness in past two weeks**Yes3 (2.6)2 (1.8)No111 (97.4)112 (98.2)6**Fever in last two weeks**Yes12 (10.5)2 (1.8)No102 (89.5)112 (98.2)7**If yes, how many times a week**\>more than a week5 (4.3)1 (0.9)\<less than a week7 (6.1)1 (0.9)

Anthropometric Characteristics {#s0003-s2004}
------------------------------

The majority of the study participants were considered malnourished, with a MUAC of less than 23 cm; 108 (94.7%) in the anemic group and 79 (62.3%) of the control group ([Table 4](#t0004){ref-type="table"}).Table 4Anthropometric Characteristics Pregnancy Mother Attending ANC in Selected Jigjiga Public Health Facilities, 2019S/NVariablesCategoricalCase (n=114) Frequency (%)Control (n=114) Frequency (%)1MUAC\<23 cm108 (94.7)79 (69.3)\>23 cm6 (5.3)35 (30.7)

Predictors of Anemia {#s0003-s2005}
--------------------

The results of multivariate logistic regression analysis showed that red meat consumption, green vegetable consumption, and MUAC were considered to be significantly associated with anemia in pregnant women. Pregnant mothers who consumed red meat 1--2 times a month were 7.2 times more likely to develop anemia compared to those mothers who consumed it every day \[AOR=7.245; 95% CI= (2.007--26.151)\]. The odds of developing anemia in pregnant mothers who did not ever consume red meat were 8.6 times higher than those mothers who consumed it every day \[AOR=8.690; 95% CI= (1.795--42.072)\]. Similarly, with green vegetables, the odds of developing anemia were 2.9 times higher in women who ate green vegetables 1--2 times a week \[AOR=2.970; 95% CI=(1.012--8.716)\], 8 times higher in mothers who ate green vegetables 1--2 times a month \[AOR=8.057; 95% CI=(2.358--27.526)\], compared to those who are them every day. Having a MUAC of less than 23 cm meant that mothers were 16 times more likely to acquire anemia \[AOR=16.432; 95% CI= (5.240--51.526)\] as shown in [Table 5](#t0005){ref-type="table"}.Table 5Determinant of Anemia Among Pregnant Women Attending ANC in Selected Jigjiga Public Health Facilities, 2019VariablesCases n=114 (%)Controls n=114 (%)COR (95% CI)AOR (95% CI)P-value**Educational status** Informal97 (85.1)71 (62.3)3.456 (1.823--6.55)1.34 (0.56--3.19)0.498 Formal17 (15.0)43 (37.7)1**Monthly income** 500--5000(ETB/USD =0.029)104 (91.2)75 (65.8)5.41 (2.54--11.51)1.84 (0.68--4.99)0.225 5000--1000(ETB/USD =0.029)10 (8.8)39 (34.2)1**Red meat** Everyday8 (7.0)29 (25.4)111 3--5times a week11 (9.6)32 (28.1)1.24 (0.44--3.52)1.20 (0.35--4.02)0.765 1--2 times a week25 (21.9)35 (30.7)2.58 (1.05--6.60)2.09 (0.64--6.77)0.219 1--2 times a month37 (32.5)14 (12.3)9.58 (3.54--25.92)7.24 (2.00--26.15)0.002\* Do not take33 (28.9)4 (3.5)29.90 (8.15--109.71)8.69 (1.79--42.07)0.007\***Green vegetable** Everyday16 (14.0)47 (41.2)111 3--5times a week15 (13.2)36 (31.6)1.22 (0.53--2.80)0.91 (0.35--2.34)0.847 1--2 times a week22 (19.3)14 (12.3)4.61 (1.91--11.10)2.97 (1.01--8.71)0.048\* 1--2times a month39 (34.2)10 (8.8)11.45 (4.67--28.09)8.05 (2.35--27.52)0.001\* Do not take22 (19.3)7 (6.1)9.23 (3.32--25.66)3.15 (0.86--11.55)0.083\***MUAC** \<23 cm108 (94.7)79 (69.3)7.97 (3.19--19.87)16.4 (5.24--51.52)0.000\* \>23 cm6 (5.3)35 (30.7)111[^1][^2]

Discussion {#s0004}
==========

Anemia is a considerable public health problem worldwide. In developing countries such as Ethiopia, this becomes even more of a problem during pregnancy. Anemia has multiple causes, and the associated risk factors vary widely across populations and communities. The current study identified three predictors of anemia among pregnant women who were attending antenatal care in Jigjiga, Ethiopia.

One of the main objectives of the present study was to relate the presence of anemia with dietary intake during pregnancy. The odds of developing anemia were significantly higher in pregnant mothers who consumed red meat 1--2 times a month (AOR=7.245), or not at all (AOR=8.7), in comparison to mothers who consumed it every day. This finding is in agreement with previous studies conducted in Pakistan and Sidama Zone, southern Ethiopia, which showed that pregnant mothers who did not eat red meat or organ meat were more likely to be anemic compared to pregnant women who did, because red meat is rich in iron that enhances the hemoglobin level, especially during pregnancy where iron demand is high.[@cit0017]--[@cit0019] These studies may be in agreement because of similar choices by the study population to reduce or exclude red meat from the diet as a dietary preference, or due to low socioeconomic status, since both the countries referred to are low-income countries where food availability and food security are low.

Another important finding in this study was that relating to green vegetables. The odds of being anemic were significantly higher among mothers who ate green vegetables 1--2 times a week (AOR=2.97 times) more likely to become anemic compared to Their counterpart (every day), \[AOR= 2.970, 95% CI (1.012--8.716)\] and the odds of being anemic among mothers who eat 1--2 times a month green vegetable were 8 times risk or 1--2 times a month (AOR=8.057), compared to mothers who ate green vegetables every day \[AOR= 8.057, 95% CI (2.358--27.526)\]. This finding is consistent with a previous study conducted in Dessie, northern Ethiopia, which reported low consumption of green vegetables to be significantly associated with an increased risk of anemia.[@cit0020] Consumption of leafy green vegetables increases hemoglobin concentration, and has the potential to minimize the risk of anemia.[@cit0021] The correspondence between these findings could be due to poor dietary diversity across Ethiopia, which results in a dietary shortage of micronutrients, or due to the widespread inability to grow, source or afford green vegetables. In contrast, a study from the West Arsi Zone, Oromia Region, Ethiopia reported that the intake of green vegetables had no association with anemia.[@cit0019] This disparity might be due to other factors that may act to reduce iron absorption and storage in the body.

Pregnant women with a MUAC of less than 23 cm were 16 times more likely to acquire anemia comparing to those who had MUAC greater than 23 cm \[AOR= 16.432, 95% CI (5.240--51.526)\]. MUAC is a measure widely used for the assessment of nutritional status, and 23 cm is the threshold circumference considered to determine the level of nourishment of an adult female, and circumferences less than this signifying undernourishment. This is in agreement with similar findings documented in eastern Ethiopia and west Ethiopia, Kenya, Nepal, and India.[@cit0022]--[@cit0027] The similarity of these studies demonstrates beyond a doubt that undernourished pregnant women have a higher probability of developing anemia because pregnancy is widely understood to be the most nutritionally-demanding period in a women's life.[@cit0028] The nutritional disadvantage of pregnancy may take its toll later in pregnancy, as women are not able to meet with the demand from the growing fetus, resulting in harm to the mother and ultimately loss of the fetus.

Limitations of the Study {#s0005}
========================

This study was a facility-based study only incorporating two recruitment sites. It is therefore not easy to generalize to these data across different regions of the same country, or to other developing and developed nations. The possibility of inter-observer error during measurements is considered a constraint of this study, despite all data collection being supervised, and all personnel undergoing two days' training prior to commencing data collection.

Conclusion {#s0006}
==========

This study demonstrated that women who did not get sufficient red meat or green vegetables in their diet, and those had a middle-upper arm circumference of less than 23 cm were significantly more likely to develop anemia during pregnancy. Based on these findings, it is recommended that special attention be paid for anemia prevention strategies, through the preparation of a program to improve the nutritional status of pregnant women, specifically aimed at those with low nutritional status. Programs should include nutritional counseling on iron-rich foods and increasing nutritional diversity. Pregnant women in developing countries should be encouraged to enroll in such programs in order to prevent negative birth outcomes through improved iron intake and the provision of a varied diet. Following this, a community-based study with a large sample size and longitudinal study design should be conducted to assess the efficacy of interventions and monitor the impact of local and nationwide programs.
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[^1]: **Note:** \*Statistically significant.
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